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. - . . ; > Term Definition
areas of potential outcrop (black), DDV ground truthing transects with epifaunal biotopes i
and higtric records of infralittoral and circalittoral rock in the nearshare.area.......... 14 nelid Segmated worm, an invertebrate animal belonging to the phylum Annelida that includes
Figure 4.30:Intertidal biotopes at the proposed Hornsea Three offshore intertidal zone at Weybourne anﬁ and oligochaetes (such as earthworms).
] Salthous, within the Hornsea Three ben_thlc ecology study.area............ceeeeevev. e 16 N ic ecolo Benthic ecology encompasses the study of the organisms living in and on the sea floor,
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The total quantity of living organisms in a given area, expressed in terms of living or dry

Figure 5.1: Subtidal Valued Ecological Receptors (VERS) in the Hornsea Three benthic ecolog§y study| &ieaass value per unit area.

The combination of physical environment (haligad)séindtive assemblage of conspicuous

Biotope .
species.
L The subzone of the rocky sublittoral below that dominatedetihaligé=littoral), and dominal
Circalittoral )
by animals.
An invertebrate belonging to the subphylum of Crutstaqdejwh Arthropddaludes crabs,
Crustacean :
lobsters, shrimps, barnacles andheppdrs.
. An invertebrate animal belonging to the phylum Echinodermata that includes sea stars,
Echinoderm :
feather stars, sea urchins and sea cucumbers.
Epibenthi Organisms living on the surface of the seabed.
Epifauna Animals living on the surface of the seabed.

A Special Area of Conservation (SAC) or candidate SAC, a Special Protection Area (SP

European site SPA, a site listed aSite ofCommuity importan¢8Clpr a Ramsar site.

A tool for sampling the benthic4iméamoa that is particularly effective for sampling from co:

Hamon grab substrata.

Infauna The animals living in the sediments of the seabed.

Infralittoral A subzone of thablittoral in which upwacthg rocks are dominated by erect algae.
Intertidal An area of a seashore that is covered at high tide and uncovered at low tide.
Macrofauna Organisms retained on a 0.5 mm mesh.

Mollusc Invertebrate animal belonging phyhen Mollusca that includes the snails, clams, chitons, |

shells, and octopi.

Multivariate statistical Statistical analysis that includes the simultaneous observation and analysis of more thal

analysis variable.

Polychaete A clas®f segmented worms often known as bristleworms.

Spat The spawn or larvae of shellfish, especially oysters.

Sublittoral Area extending seaward of low tide to the edge of the continental shelf.
Subtidal Area extending from below low tide to the exlgerdirténtal shelf.

Univariate statistical

. A statistical analysis carried out with only one variable.
analysis
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Acronym Description
AFDW Ashfree dry weight
ALl CefasAction Level 1
AL2 CefasAction Level 2
BAC OSPAR Background Assessmanéeftoation
Cefas Centre for Environment, Fisheries and Aquaculture Science
CIEEM Chartered Institute of Ecology and Environmental Management
CSAC Candidate Special Area of Conservation
CL Carapace Length
CSEMP Clean Seas Environment Monitoringiregra
CSQG Canadian Sediment Quality Guideline
Cw Carapace Width
DBT Dibutyl tin
DCO Development Consent Order
DDV Dropdown Video
Defra Department for Environment, Food and Rural Affairs
dGPS Differential Geographical Positioning System
DTLR Departmnt of Transport, Local Government and the Regions
EclA Ecological Impact Assessment
EIA Environmental Impact Assessment
EPA Environmental Protection Agency
EQS UK Environmental Quality Standards
ERL Effect Rangd.ow
EUNIS European Nature InforonaBystem
EWG Expert Working Group
FOCI Feature of Conservation Importance
GIS Geographical Information System
HADA Humber Aggregate Dredging Association
HRA Habitats Regulations Assessment
ICES Institute of Estuarine and Coastal Studies

May 2018
Acronym Description
JNCC Jont Nature Conservation Committee
LAT Lowest astronomical tide
LNR Local Nature Reserve
MALSF Marine Aggregatevy Sustainability Fund
MAREA Marine Aggregate Regional Environmental Assessment
MCZ Marine Conservation Zone
MDS Multidimensional Scaling
MESH Mapping European Seabed Habitats
MHWL Mean High Water Spring
MLWS Mean Low Water Spring
MMO MarindMlanagement Organisation
MNA Marine Natural Area
MPA Marine Protected Area
NMMP UK National Marine Monitoring Programme
NOAA National Oceanic a&tchospheric Administration, US Department of Commerce
NMBAQC National Marine Biological Analytical Quality Control
NNR National Nature Reserve
NPS National Policy Statement
NSBP North Sea Benthos Project
OSPAR OsleParis Commission
PAH Polycyclic amatic hydrocarbon
PEIR Preliminary Environmental Information Report
PEL Probable Effects Low
PINS Planning Inspecate
PRIMER Plymouth Routines In Multivariate Ecological Research
PSA Particle Size Analysis
QC Quality Control
REC Regional Enviroantal Characterisation
rMCZ Recommended Maf@anservation Zone
SAC Special Area of Conservation
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SACFOR Superabundant, Abundant, Common, Frequent, Occasional, Rare
SAD Site Assessment Document
SCI Site of Community Importance
SEA Strategienvironmeal assessment
SIMPER Similarity Percentages
SIMPROF similarity profile analysis
SNS Southern North Sea
SSSI Site of Special Scientific Interest
TBT Tributyltin
TEL Threshold Effect Level
THC Total hydrocarbon concentrations
TN Target Note
TOC Tdal Organic Carbon
TPH Total Petroleum Hydrocarbon
TPT Triphenyltin
UKAS United Kingdom Accreditation Service
UKBAP UK Biodiversity Action Plan
UNESCO United Nations Educational, Scientific and Cultural Organization
us United States
VER Valued Exdogical Receptor
ZoC Zone Characterisation
Zol Zone of Influence
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Units

Unit Description
% Percent
pa/kg Micrograms per kilogram
pm Micrometre
cm Centimetre
o] Grams
km Kilometre
knot Unit oépeecequal to ongautical mil@.85x&m) per hour
m Metre
MB Mega Byte
mg/kg Milligrams per kilogram
mm Millimetre
MW Megawatts
ng/g Nanograms per gram
nm Nautical mile
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1.2.1.3 This technical report describes the baseline benthic ecology of the Hornsea Three benthic ecology !
area (sectidh]). Sensitive benthic ecology receptors at Hornsea Three are derived lfr@am this base
characterisatiorhichinformshe impact assessment in volume 2, chapter 2: Benthic Ecology. Volume
2, chapter 2: Benthic Ecology provides details on consultation and considers the potential signific.
and likely significance of effects of theumadésign scenario upon the receptors identified within this

1.1.1.1 OrstedHornsea Project Three (UK) atd behalf @rstedPower (UK) Ltds promoting the report.

development of the Hornsea Project Three Offshore Wind Farm (hereafter referred to as Hornsea Three)
Hornsea Three isragpsd offshoreind farrand includes the associated offshore cable corridor and
onshore infrastructure. The Hornsea Three arsdgaatedh the east of the former Hornsea Zone

in the central region of the Northaeaximatell21km to the northeadtTringham, Norfolk,
approximatelylOkm to the east of the East Riding of Yorkshire coast and aplfr@kimateist

ofthe median line between UK and Netherland&igyatelrg)(

1.1.1.2 RPS was commissioned to undersakeidal and intertidahthic ecology characterisation study of
the Hornsea Three site and surrounding aréeclUded a detailed desktop study of the benthic
ecology of a defined study areasdstien3) surrounding Hornsea Three and a nurniséoriof
benthic ecologgurveysacrossthe former Hornsea Zomkischaracterisatistudy has been
supplemented with new data frospesitiéic surveys undertaken ine2@1B01,includingvithirthe
Hornsea Three array aiteeoffshore cable corriglod theéntertidadrea (sectidh4.3.

1.2.1.1 The aim of this study was to provide an up to date characterisation of the benthic ecological resources
within a defined study area, which incorporates the Hornsea(Tardétoaneaa Three array area,
offshore cable corridod intertidaled and the zone of potential impact, as agreedrelghahe
statutory consultdes this topit.e.Marine Management Organisation (MMO), Natural England, the
Joint Nature Conservation Committee (JNCC) and the Centre fiot; Ershesi@a@nd Aquaculture
Science(efa}) through the EvidentanPprocess (see secldh

1.2.1.2 Using existing datastoric benthic ecology survenmdthesite specifeurvey data, the objective
wasto give a geneddscription of the subtidal and intertidal benthic communities within the southern
North Sea regional benthic ecology studhassawere themmpared with the subtidal and intertidal
benthic communities found within the Hornsdzethieeecology study gse sectioR.]) to
provide the basis for evalwuating the i mportance of habitats, speci es, or groups of speci
ecol ogi cal receptorsosniestr consideration in the i mpact asses

:
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22.1.2
For the purposes of the Hornsea Three benthic subtidal anbardetédatiotwo study areas
weredefined:
The Hornsea Three benthic ecology study area 9213

This area encompassiornsealiree, which includes the Hornsea Three arrdypraress Three
offshore cable corridoe. encompassing subtidal benthic ecologyhtedidhlarea (i.e.
encompassing intertidal benthic ecbiggyl.1). The subtidal section of the Hornsea Three benthic
ecology study area also incorporates the former Hornsea Zdtra pluféea &ound the former
Hornsea Zonwithin which previous sampling campaigns were uicartaehore cable corridor
rerouts werapplied to Hornsea Three after publicatioRrefitimary Envonmental Information

ReportREIR, one at the northern end of the Hornsea Three offshore cable corridor and one in the

nearshore section, around the west side of the CromkalBBed¥farine Conservation Zone 2.2.1.4
(MCZseeFigure.1and volume 1, chapter 3: Project DescBptioig.original and reroute sections

are included inet Hornsea Three benthic ecology studhauga thmajority of the s#pecific

sampling had been undertaken prior to the Barowggs.undertaken across the former Hornsea Zone,
including those Kornsea Project GamelHornse&roject Two have been used to infoBartthie
Ecologgtudy area

At thantertidadrea, the Hornsea Three benthic ecology study area considers habité¢siup to the
High Water SprilfgHW$mark. Habitats landward of MHWS have been considered in the onshore
ecology assessment (ggeme 3, chapter 3: Terrestoldc

The southern North Sea benthic ecology study area

This is the regional benthic ecology study aveadeithed by the boundaries of the southern North
Sea Marine Natural AMBA}Jonegt al, 2004{Figurel.1). This southern North Sea benthic ecology
study area provides wider context $aethgecifatata and is the area assdgshrough the desktop
review.

The purpose of the Hornsea Three Evidence Plan progEeskeiisg&lan(document reference
numbeA5.1.])is to agree trenvironmentaformatiollornsea Threeeds to supply to PINS, as
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As part of the Evidence Plan process, the Marine Processes, Benthic Ecology and Fish and She
Ecology Expert Working Group (EWG) was established with representatives from the key regule
bodies antheir advisors, including statutory nature conservatjiaiNbOdBesfasand Natural

England. Between June 2016 and publicatiofE¥itbimsnental Statemennumber of EWG
meetings were held to discuss key issues with reghemtitidlexologyements of the Hornsea

Three project, including characterisation of the baseline environment and the impacts to be consic
within the impact assessnseletthe summary of key points raised during consultation in section 1.5 of
volume 2, chapter 2:tBenEcology

The approach proposetibsnsea Thrder the purposes of characterising the subtidal and intertidal
benthic communities withirHitresea Threerithic ecologtudy area was an evidence based
approach to the ElFhisinvolved utilisimxisting data and information from sufficiently similar or
analogous studies to inform baseline understanding and/or impact asstssiseEan s

this way, the evidence based approach does not necessarily require new data to be collected, or
modelling studies to be undertaken, to characterise the potential impact with sufficient confidence ft
purposes of EIA (see volume 1, chapter 5: Environmental Impact Assessment Methodology).

The scope of the issues for assessment for benthis eeptamilar (although not identical) to that
previously considered for Hornsea Project One and Hornsea Project Two. The range of issues asse
within volume 2, chapter 2: Benthic Ecology, are briefly summarised below. The spatial extent of
impats assessed will vary depending on the impact, although the extents are expected to be simile
those identified for Hornsea Project One and Hornsea Project Two. Impacts considered within volur
chapter 2: Benthic Ecology include (but are ntat)limited

1 Construction related activities leading to short term and localised changes (i.e. primarily within
Hornsea Three araagaandHornsea Three offshore aastedor and temporary working areas)
inbenthitabitats and species including tempaivdag loss, increases in suspended sediments
and subsequent deposition;

1 Operation phase impacts related to the presence of offshore infrastructure, leading to relati
localised effects on benthic ecology (i.e. primarily within the Hornsesr§daed-orasea
Three offshore cable coraddrtemporary working areas). These include presence of subsea
infrastructure leading to long term habitat loss and localised changesassevniniaggisy
and

1 Decommissionipdpase impacts includinglieed changes loenthic habitats and species
including temporary habitatdndspermanent habitat loss, temporary increases in suspended
sediments and accidental release of pollutants.

part of a Development Consent Order (DCO) application for Hornsea Three. The Evidence Plan seeks to

ensure compliance with the ElAadm@atHRegulations Assessment (eliRdements

:
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Hornsea Three is located within the former Hornsea ZonegXmmeitielilata and knowledge
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regarding the benthic ecology baseline is already available. This data/knowledge has been acquired

through zonal studies and from the surveys and characterisations uddensddroject One 2.3.1.1
and HornseaProject Two. Was therefore proposed that the Hornsea Three benthic ecology
characterisatitn@ completed using a combination of desktop data and informatamissiteces

specific survey data collected as part of the characterisations of the HornseadPtojese®ne an
Project Two offshore wind farms and the formeZblwen€eeer a serieE¥Gneetings conducted

between June 2016 andlication of tlisvironmental Statemimwas agreed tlatgenerahis

approach was appropriate and suffictiet poirposes of characterisirgetithic ecology the

Hornsea Thrdenthiecologytudyarea although noting an agreement to supplement this existing
data witsomeHornsea Thra#e specifadditionsdescribed brigfiyparagraph2.2.1.&nd2.2.1.7

below and farther detail sectior2.4

Within the Hornsea Three amesand along thdornsea Three bffse cable corridadditional

benthic sampling was undertaken as part of the geophysical survey campaign ddmmioned%§'1'2
Threein 2016asstandalonbenthic surveys in 2017;angart chn inshore geophysical survey
campaign in 2085 agreg with th®arine Processes, Benthic Ecology and Fish and Shellfish Ecology
EWGthesesite specific surveyadave beemcorporated into tHernsea Three benthic ecology
baselineharacterisation describadi€Environmental Statenfee¢Figure?.6 and sectioh.4.3.

TheHornsea Three offshore cable casriduque to Hornsea Three. As such, the existing data and
knowledge of the baseline enviroaloegtthe offshore eatarridor fddornsedoject One and
Hornsed@rojecfTwois relevanbnly in patb theHornsea Three offshore cable carnidahe
evidencéased approach described above cannot be applied. THzasébireetbbaracterisation of
theHornsea Thredfshore cable corriddhirthisEnvironmental Statenmerst primarily drawpon

thesite specifeurveg completeth 201&nd 2013and desktop information frorqptmitgl surveys,
includingsurveys targeting areasinwdihd in close proximityateas designated for nature
conservatiomhe approach to baseline characterisation, sieggiagifaurveys along tHernsea
Threeoffshore cable corridas been digssed and agreed throughMituene Processes, Benthic
Ecology and Fish anélish Ecolo@WG.

There have beeaverabroadscale benthic studies in the North Sea which, wholly or in part, spatially
overlap with Hornsea Three. A primary source of data that coincides spatially with the Hornsea T
benthic ecolpgtudy area was provided by the Humber Regional Environmental Characterisation (RE
This data provides benthic biotope mapping coverage of an aré&a?abffl1h@08ast coast of

England and was funded by the Marine Aggregate Labyli§ustdiMALSH;appiret al, 2011).

The Humber Aggregate Dredging Association (HADA) has also collated data from 1,013 benthic
samples in the Humber and Outer Wash Region in support of the Marine Aggregate Regio
Environmental AssessmerREBWERM, 202). The extent of the resulting biotope map coincides with
the nearshore approach télthiesea Three offshore cable carrdltris information has been used

to support this benthic ecology characteGsatioftheain objectisef the MAREA waslescribe

the regional benthic characteristics in an area with several marine aggregate licence areas

Other data coinciding with the Hornsea Three benthic ecologyastugyoardimg coverage across
much of the southern North Sea studyenehawn from the following so(see&igure?.1 for
those data available in a Geographical Information System (GIS)

1 EMODnet broad scale map of sea bed habitatsg data from the Mapping European Seabed
Habitats (MESHapping programifid) SeaM&016 2018,

1 UK Benthos Application accessed via Oil andnBps/dikagdgasuk.co.uk/product/ukbenthos/
Department for Transport, Local Government and the RegROGRIDTLR

1 Benthic sampling programmes coordinatebdeiNdér Sea Benthos Project (NSBR);

9  Technical reports ftnraggi&Environmentassessment (SEA)eas 2 and 3 (DTI, 2001a; DTI,
2001b);

1 Baseline characterisataammonitoring surviegm other developments, including offshore wind
farms,n the region (e.g. Dudg®daryick Enerdd009Fugro EMU Ltd., 20d4/ad Sheringham
Shoal (Scira Offshore Energy; 200%);

1 Data from the surveys undertaken in support of the designation of the Cromer Shoal Chalk B
MCZDefra2015;

91 Data frorhenthic surveys undertaken within the North Norfolk Sandbanks an8gatialn Reef
Area of Conservation (S&d)Halsorough, Hammond and Wint@AGn(e.g. Barrio Fraén
al, 2013)ndertaken suppordf sitelesignation and the developmeypropaiate management
advice for the site (e.g. Jeekiak 2015);

1 Data acquired in the Southern North Sea Synthesis Benthic Survey, commissioned by Cefas (A
2012);

1 Reports from benthic surveys undertaken within the Wash and North R&falgCARE S,
2013);

1 Data from Marine Recorder, including Seasearch dive surveys within the Cromer Shoal Chalk E
MCZ and the Wash and North Norfolk CoastdSAC,;
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1 Other large scale benthic infauna and epifauna surveys undertaken in the Smahern 1204t
including classic infaunal surveys (Petersen, 1914; 1918) and wide scale trawl, grab S\rhd
surveys (Dyet al, 1982 and 1983; Jennatgd, 1999; Reex al, 1999; Callawetyal, 2002). '

Nature conservation designations

Information on thdura conservation designations relevant to subtidal and intertidal benthic ecology

were 1 dentified using a number of sources.
Information Systems (EUNIS) database were used to identify intsigrziomadNaeional
designations suchM€Zs and rMC&sre identified using the Final Recommendations Report of the

T h Zocsdblldal béhthic WfRphng AryPwash8sld of d'réguldt Grill phttefh (of
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Historic survey data within the Hornsea Three benthic ecology study area

.ZYideqnformation is available for the Hornsea Three array area through hisgtoddersiniveys

undertaken across the former Hornsea Zone. Detailed benthic subtidal surveys across the former Ho
Zone were undertaken in 2010 for the Homsderacterisati@ho( study Kigure2.2). Further

benthic subtidal surveys across the Hornsea Project One array area were completed in 2010, 2011
infill surveys of the Hornsea Project Two array area were compl&tigaine2.2DIhé Hornsea

anmfg:};'/ Eopec
to optimise coverage of the former Hornsea Zone and to increase the likelihood of encountering as |
different habitats as possible. For HornseaOPmjectl Hornsea Projectdivay areaurveys,

Net Gain and Balanced Seas projects, which represented the North Sea (Net Gain, 2011a) and southeagyjing locations were selected on a stratified random basis to ensure adequate coverage of the dif

England (Balanced Seas, 2011)ctiespeNational Nature Reserves (NMERej of Special

habitats present within the respective benthic ecology study areas. The data acquisition stratec

Scientific Interest (SSSIs) and Local Nature Reserves (LNRs) were identified using the Department fﬁ'{cluding the sampling arrays and methodologies, were discussed and agreed with the MMO and

Environment, Food and Rural Affddsfra( MAGIC interactive map application
(http://magiRefragov.uB/Nature conservation designations with benthic features arf€igti@vn on
2.1,

2422

As discussed jraragrapB.2.1.5data acquired for Hornsea Project One and Hornsea ProjectzFﬂvg-3

advisors (i.e. Cefas, INCC and Natural England).

Subtidal benthic habitats were sampled through a combined benthic -gilalvanildmoDDV)
survey, asell as an epibenthic beam trawl suangyteS for contaminant analgses also taken at
severastations across Hornsea Project One and Hornsea Project Two.

Data were available for the Hornsea Three benthic subtidal characterisation 8émsiagtetal of 3

provide a substantial contribution to the characterisation of the benthic habitats and species present witffirt T benthic grabs/DDV deployneefietedcross the Hornsea Three benthic ecology study area

the Hornsea Three benthic ecology study area. These survey data, and thadun/bsatiepe
data is described below in s&dahAs agreed through the Marine Processes, Benthic Ecology and

Fish and Shellfish Ecology EWG, these data have been used to provide the basidiake for the sub

between 2010 and 200&b(e2.1; Figure2.2). As outlined Trable2.1, 27 of the combined benthic
grab/DDV locations coincide with the Hornsea Three array area. Data from a total of 102 epibenthic |
trawls undertaken across the Hornsea Three benthic ecology stuelyna?@4 ®end 2012 were

benthic ecology characterisation of the Hornsea Three array area. These data have, however, also bedfs0 available to inform the Hornsea Three subtidal characterisation; none of these locations coinc

supplemented with site specific benthic sam@iygndertaken 2016 and 20&ithin the Hornsea
Three array aredfshoreable corridard intertidarea These survegaredescribed in sectihi.3
below.

2424

with the Hornsea Three array asdded 1; Figure2.2).

A survey was carried out at Markhamdés Tri anc
proposed designation of th@sfiea, 2014 his survey, which partially overlapped the Hornsea Three
arrayarea comprised Hamon gram@ing for infauna and particle size analysis (PSA) and DDV
samplingT@ble2.1). The data has been made availdldensea Three that itancontribute to the
characterisation of the Hornsea Three arraas aageeed through the Marine Processes, Benthic
Ecology and Fish and Shellfish Ecology EWG. The PSA data has been incorporated into the datas:
the Hornsea Three benthic ecology study area to establish the sediment type in that region.
Ma r k hTaanglekunaldataset has bedmoadlyanalysed to determine the similarity of the
communities in the site with those within the Hornsea Hneaetlaigayalysis is further discussed
inparagrapR.6.2.&nd the results are presented in skedtib2@t seq
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Table21: Summary of the benthic subtidal and iitefsurveys undertaken within the Hornsea Temrthic ecologgtudy area.
Combined benthic grab sampling and DDV : : Sampling stations within the Horn3éaee
Survey Date of survey ) Epibenthic beam trawls .
stations benthicecology study area
Historicsurveydata within the Hornsea Thhemthic ecologgtudy area (collected 2010 to 2012)
ZoC benthic sampling survey November 2010 122 stations 40 stations 27 grab/DDV stations and 9 epibenthic trawls
Hornsea Project One benthic sampling survey ;Ltj)lill Septembafovember 2010 and June, Octq 161 stations (40 sampled for sediment chemis| 41 stations -
Hornsea Project Two benthic infill survey July 2012 51 stations (8 sampled for sediment chemistry, 21 stations -
Mar khamés <Sumweapangl e r N Apriand May 201@ublished in 2014) 21 stationgand 29 stations for grab sampling or - 14 grab stations
Site specific surveyaf the Hornsea Thrédmenthic ecologgtudy area (collected 262817
Hornsea Threfe araagageophysical sungrpuned May and June 2016 20 statlons (samplepl for PSA and infauna); i 20 grab stations: coverage of geophysical dat:
truthig campaign geophysical data (side scan sonar and bathyn
. . 20 stationd 0 of which comprised 50 m DDV
Hornsea Thr@éfshqre cable corrigeophysical Septerber and October 2016 transect§l9 sampled for PSA and for infauna);| - 19 grab stations; coverage of geophysical datg
and benthic sampling survey . )
geophysical data (side scan sonar and bathyn

Hornsea Three intertidal survey August 2016 - - No sampling undertaken; walkomezy
Hornsed hree benthéampling survelpeyond 6 stationsy of which were also samplegdiment| .
60nm May2017 chemistryandlO additionatations for DDV only 16grab and DDV stations

. . - 14 stationglusl5 stationfr DDWnNly 5 stations . 29 grab and/or DDV stations, 5 sediment chen
Hornsed hree énthic sampling survesthircsOnm | Augus017 for sediment chemistry only, 5 5 stations locations, 5 epibenthic trawls

, 9DDV transe¢geophysical data (side scan,sof . .

Inshorgeophyisal anddDV survey October 2017 bathymetrand sulbottom profiler 9DDV stationgeophysical data
a PSA data from the Markhamés Triangl e r dh&atterbingshe florresda iThree aryare®l Byiveyhvwas underaken bydCbfas dDefrag2014)fandrhas thdicenngtiom vaith theeHernsedThree ¢




Hornsea 3
Offshore Wind Farm

2.4.3
2431

2432

2433

Site specific surveys the Hornsea Thrdeenthic ecologgtudyarea

In addition to the emgstbenthic datasets forftmmeHHornsea Zorwescribed in sectidd.2 a 24.3.4

number of site specific sumweys undertakaoross the Hornsea Three benthic ecology sindy area
2016and 2017seeFigure2.2, Figure.3andTable2.1):

1 Hornsea Three arrayeageophysical survey gremmithing campaigm 201620 sample
location§see sectiohl1.4for the resulis)

1 Hornsea Three offshore cable cteittbic grab/DDV syrire201620 sample locatiqsse
sectiord.1.2for the resulsnd specificalparagrapld.1.4.33or interpretation of them50
transecis

1 Intertidal walkover suinel01lgsee paragrapisl.4.8%04.1.4.96or the resuts

1 Hornsea Threerayareaand Hornsea Three offskabde corridtenthic sampling surivey
2017 beyond 6fn 16 sample locati¢ese paragrap@s4.3.1202.4.3.18

1 Hornsea Three offshore cable cdeiothic sampling surve017 withi) &m 39 sample
locationgsee paragrapBs4.3.802.4.3.1} and

1 Inshoré®DV survag 20179 sample locatiofsee paragrapBst.3.1%

2435

Hornsea Three arrayeabenthicgrabsurvey 2016

Annex 2.1Benthic Ecology Technical Report
Environmental Statement
May 2018

Hornsea Three offshore cable corridor benthic grab/DDV, 2018y

The survey comprised camera grotimdg and benthic sampling at 20 stations along the Hornsea
Three offshore cable corridor. The sample locations welie gioosdiuth geophysical data
acquired duringsde specifigeophysical survey which had recently been undertaken in the Hornsea
Three offshore cable corridor for the Hornsea Three project.

A minimum of 10 seconds of live seabed grab cameraddakayeavaach station to ensure that

no potential Annex | habitats (sUshspénulosaeefs) were present prior to seabed contact by the
grab sampler. If a potential Annex | habitat was identified in the feed from the grab mounted camer
grab sanip was taken. Grab sampling was not undertaken at one statiorbaspotdotaef

was observed in the gratunted live camera foothgethe results see paragrdphgl.97o
4.1.4.106DDV transects comprised at least 20 high resolution digital photographs, accompanied by
least ten minutes of video footage. At each of the 19 successfully grabbed locatiohgrabsingle 0.1 m
sample was collected using aHaxnon grab for mdaumal analysis at the IECS laboratory as
described in secti®rb.1.4 A sub sample of the sediment was retained for PSA according to the
methodologies describegaragraph.5.1.2and2.5.1.3 which were subsequently analysed for
particle size distribution at the IECS laboratory, as descageaphi®.4.3.3

Hornsea Threatertidal sirvey 2016

A total of 20 benthic grab samples were collected within the Hornsea Three array area as parg @f thea phase 1 intertidal walkover surveydersakeat the proposétbrnsea Three intertiah (see

Hornsea Three arexgageophysical survey in June 2016. The locations of the grab samples were
selected to target (for gréutidng) the range of sediment types recorded across the Hornsea Three
array area (séegure2.2). At each of the 20 locations, a singtedidb sample was collected using

a minHamon grab for macrofaunalsamébjentification, enumeration and biomass) and a sub sample
of the sedimerdtainedor PSA according to the methodologies despabegtaph3.5.1.2and

25.1.3

Sediment samples were anabssatding to the methods outlined in @dehipthe Institute of
Estuarine and Coastal Stuthi€3J(laboratorywhich participatesttie National Marine Biological
Analytical Quali@pntroNMBAQscheme.

2.4.3.7

Figure.3) 20 August 2016, following guidance set out in the INCC Marine Monitoringé$andbook (Da
et al, 2001; i.e. Procedural GuidelinelNon.su intertidal biotope recording) and in the Handbook for
Marine Intertidal Phase | Biotope Mapping Sureewl(\2906). The survey was undertaken by an
experienced marine ecologist fronirRE0 coincide with spring tides and was undertaken two hours
either side of low water to ensure that as much of the intertidal zone as possible was surveyed
paragraph4.1.4.8%04.1.4.96

During the intertidal survey, notes were made on the shore type, wave exposure, sediments/subst
present, descriptions of species/biotopes present and the spatial relationships between these. All bio
present were identified and their extentd mapplee aid of aerial photography and using a hand held
Geographical Positioning System (GPS) recorder. Biotopes extending over an area®f less than 2
were not mapped but instead were labelled on the biotope map as target notesufAdgitional pre
determined waypoints were designateebesr digesat which two g samples were taken to a

depth of approximately 15 cm and the sediment sieved on sitenusiigsgla The sediment type

and dominant infauna visible to the naked eye wetk Astditional -@iger sites were added during

the survey, where appropriate, to further characterise a biotope.
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Hornsea Three offsleocable corridor benthic sampling survey withrm&@017 Hornsea Three array and Hornsea Three offshore cable corridor benthic sampling survey beyond
60nm, 2017

2.4.3.8 The sampling strategsinformed by a data gap analysis and detailed interpretation of the geophysical
data acquired along the Hornsea Three offiif®reorridor in 20Tthe survey strategyas 2.4.3.12 As described in paragiagt3.8he scope of this surwasto characterise tiornsea Three array
discussed and agreed with the Marine Processes, Benthic Ecology and Fish and Shellfish Ecology EW&ea and furthest offshore section of the Hornsea Three offshore ddigestratadgasnformed

. ) ) by a data gap analysis and detailed interpretation of the geophysical data acquired along the Hor
2.4.3.9 The purpose of this survey was to characterise the Hornsea Three offshore cable corridor, by addres&rmree ashore cable corridor in 2Th6. survey strategy was discussed and agreed with the Marine

seveal objectives, these included the following: Processes, Benthic Ecology and Fish and Shellfish Ecology EWG.

T Provide further data coverage within representative sediment types in areas of the HOnsa3T{¥e& 5 mpjing was undertaken Wit ad mini Hamon grab to provide further data coverage within

offshore cable corridor with lower data coverage or certainty, including the area to the northwest Qfpresemtive sediment types in areas with lower data coverage or certainty, including three location
the North Molk Sandbanks and Saturn Reef SAC boundary and the inshore section of the Homsea 4 kham's Hole in the Homsea Three array area and three locations in the cable fan at the northers

Three offshore cable corridor to the west of the Cromer Shoal Chalk Beds MCZ; of the Hornsea Three offshore cable corridorsaBipigs were acquired at each station and

T Confirm the presence/absence of historic and potential reef habitats within and outside thegypsequently analysed for fauna; a sub sample was also taken from each grab for PSA. A second
boundaries of the North Norfolk Sandbanks and SEA@ Rekeiding rocky reefs and biogenic sample was collected at the three stations in the Hornsea Three offshore cable corridor fan which
reefs formed by the Ross v&aibgllaria spinulpsa then analysdor sediment chemistry as described ir2sedtibBV was acquired at 10 geotechnical

f Provide data sediment chemistry at selected locations; investigation locations prior to geotechnical operations, to ensure sensitive habitats were not dame
T Confirm the presence/absence of subtidafwbal&lay habitat within the Cromer Shoal Chalk The DDV data was subsequemlysed for epibenthic fauna and seabed habitats as described in
Bed MCZ; and paragraph.5.1.&t seq

1 Undertake an epibenthic beam trawl survey.
Inshoregeophysical and DDV survey, 2017

2.4.3.10 Seabed grab camera footage was taken at each station to ery ex | habitats (such 2 1.3.14 High resolution geophysical data were acquired along the section of the Hornseadalileee offshore

EZ;'t:tpx;slc:i:;;ég?ihgizggtffgﬁrtazafzgn;icjnz;h;gjg sscr)nplzrt; Isfaa p(l)jten;:;g;:;x corridor that coincides withntere section of the offshore cable corridor, including the Wash and
- . e g , N0 g . .l . g ' North Norfolk Coast SACG@muner Shoal Chalk Beds MCZ. Once the geophysical data had been
DDV surveg,minimum of five kiglality images were taken at each DDV Istadgjovith fivamutes . . . .
. o . . analysed, a DDV survey was undertgkemno truttifferent seabed features, including sand ripples
of video, where possibliimited amount of grab samyamgerformedthin the Cromer Shoal Chalk . . . : :
Beds MCZ and the North Norfolk Sandbanks and Saturn/Reeg $#&CHomsea Three offshore andareas of gravblt with a particular focusreas where geophysical data was interpreted as being
potential subcropping and outcropping bedrock that might represent chalk or clay exj®sures. A tota

cable corrido0al MminiHamon grab was usedample benthic fauna at 13 stations and a stainless . . .
g . P : . . . DDV transects were perfoanixss these potential outenogpanalysed by Fugro GB Marine Limited.
steeD.1 MDay grab was used to take sediment chemistry samples at five locations where fines content

was expected to exceed 5% of the sediment composition.

2.4.3.11 Faunal samples were analysed at the Oclegy Eaborat@y describedparagrapB5.1.4and a
sub sample of the sediment was retained for PSA according to the methodolog@sadesghbed in
2.5.1.2and2.5.1.3which were subsequently anabys@dean Ecolofgy particle size distribution
The sedimenhemistry samples were analysed for organic carbon, metals, hydrocarbons and organotins,
as described in paragraphl.6Beam trawls were performed over distances of approximately 500 m
at five locations alongHbensea Three offshore cable ctorglimple the epibenthic communities,
as described in paragr&pbd.1102.5.1.13
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Benthic infauna analysis

2.5.1.4 Sediment samples for benthic infauna analysis were {motggsedhm sieve and the retained
material transferred to an appropriate container and preserved immediately in 4% buffered saline for
solution. The samples were analysbdrahic laboratory which participates in the NIHBRQEC
for identdation (to species level), enumeration and biomass determination. Biomass of the infaul
Benthic grab sampling component was recorded in grams (g) AFDW (weightgjalerd@ail from the blotted wet weights
using published conversion factors (Eleftheriou and Basfong, iE2&@ed infauna was separated

The benthic grab surveys were desi geBba3based thid %@follg\/\}i‘nb &'\ﬁan Igors'/chfe{a %Vuéta%eadEch%gder%apa I\?oﬁugcg 4dd %tners ui de

9T Quantitative sampling of sublittoral sedi ment [ speci using remote operat:
included in the INCC Marine Monitoring Handboak 60&084) and by Befa®ds Gui de | i 12.8.55 fThe epifaunal component of each sample was analysed separately with identification to species |
the Conduct of Benthic Studies at Mgrmmeg 2 gat e Extraction Sitesd (Where possible ehch Koenponagnenmenarételd hrd .presénted as discrete counts or in the case of
locations where grab sampling was undertaken, arsirgyko0sample was collected using-a mini colonies, recorded as present and given a P (present) value.

Hamon grab for macrofaunal anadgséssab sample of the sedirasmdved for characterisation of

the physical nature of the substrate (PSA). Upon retrieval of the grab sample on board the vessel, trREdIMent chemistry analysis

sediment within the grab bucket was viewed to assess whether the sample washadceptable ¢.5.1.6 Samples for sediment chemistry analysis were collected using a stainless steel Shipek or Day gra

The following section describes the methods of sample collectiorcanthanatpsth thaistoic
andsite specifleenthic ecologyrveyaNote thadll raw and derived data anc@ssdanalyseare
availald as apperaison request.

been subject to partial washout during retdesed|d correctly against the sealing plate, and was tatal ob6locations within the Hornsea Three benthic ecology study area have been sampled for sedin
of sufficient volume relating to depth of bite). After collection, the samples were appropriately preservetiemistryT@ble2.1). These samples were frozen following collection and transferred to a specialis
and analysed using laboratory facilities for physical and biological propertiess Tresaparadeter UKAS acedited chemistry laboratory for testing. The samples were analysed for the followin
included: determinands:
1 PSA(analysed in ZoBgprnsedroject Ondijornsedroject Tw(B42 samples combined) 1 Metals: arsenic, cadmium, chromium, copper, lead, mercury, nickel and zinc;

Hornsea Three arfa§samplesgnd Hornsea Three offsbabéscorridor survef@ssamples) 1 Hydrocarbons (total petroleum hydrocarbons (TPH));

plus PSAlatafrom théhirdpartyMarkham'siainge MCZ surv€y0 samples) 1 Polyaromatic hydrocarbonsgP@kited States (USjvironmental Protection Agency (EPA) 16
1 Benthic infauna and epifauna analysis including identification, enumeratiofa@agdadmass and 26 ring analysis); and

in ZoCHornse#roject Onélornse&roject TW@42 samples combinettynsea Three array f  Organotins (dibutyltin (DBT), tributyltin (TBT) and triphenyltin (TPT)).

(23samplesind Hornsea Three affebablecorridor surve@@@samplesplus fauna data from

the thatpartyMa r k h a mOMCZ Jurvéa samgplesand 2.5.1.7 Hornsea Project Two samples takehlornsea Thregray areduring historic benthio/sysvere

also analysed for total organic carbon (TOC) and those sample during Hornsea lRoopseizOne and

1 Sediment chemical anal¢si€ Hornse#roject Onélornse&roject Twand Hornsea Three
ZoC surveys were analysed for organochlorine pesticides.

surveyg6samples combingd)

Parttle size analysis

Sediment samples were analysed for particle size distribution at a United Kingdom Accreditation Service
(UKAS) accredited laboratory. Representagama@els of each sediment sample were oven dried to

a constant weight and sievedgtinrawseries of mesh apertures over the ranget6468m

(0.063nm) on the Wentworth scale. The weight of the sediment fraction retained on each mesh was
measured and recorded. This method was in accordance with BS 1377 (Part Cefa®/9.4) and
guidace (Ware and Kenny, 2011). Laser diffraction techniques were also used for samples where
sediments of less than 63 pm accounted for more than 5% by weight of the sample.

12 Orst e 'ﬁfﬁii/f‘



Hornsea 3 Annex 2.1Benthic Ecology Technical Report
Offshore Wind Farm Environmental Statement
May 2018

Drop down video (DDV) survey

2.5.1.8 DDV deployments were undertaken during tHerde€#roject Onéjornsedroject Twand
Hornsea Thra#e specifgurveys

2.5.1.9 The DDV surveys were undertaken using a digital stills colour camera and video camera mounted tg
DDV frame. At each samfgdaagiora minimum of five minutes of video faulagyeaimum of five
seabed still images were obtained. Video images were digitally overlaid with dGPS positions and record ™S
in a digital format tbl&ga Bytes (Mi@)better. The DDV footage was reviewed in real time during the ':'/"i\
surveys by a suitablylified marine ecologist fully trained and experienced in Annex | reef assessment | ”
and following the appropriate JNCC guidance notes (Gubbay, 2007; Irving, 2009;20&)enny
If following dvoard review of the DDV footageteatiateefhabith was confirmed at a location, ‘
sampling was limited to DDV only, rather than a combination of benthic grab sampling and DDV. A log
each DDV sample position, time, sample type, water depth, habitat features and species observed wWes

made to assist wita thata analysappendiavailable on reqyest Figure24: Species recorded during previous DDV surveys across the Hornsea Three benthic ecology study area included the
echinodernAsterias rubes (left) and dead man's fingé&tsyonium digitaturgright).

2.5.1.10 Followingachsurvey the video reca@mud/or photographic stidse reviewed and analysed in more
detail by marine ecolog&ttic images were analysatentify conspicuous fauna within the images
from each transect. The second stage of the analysis was carried out by reviewing video footage frogm . .
o . . : . _ pibenthic beam trawl survey
each transeuthere availablielentifying conspicuous spéldiesresulting data (from video footage _ . . . _ _
and static image analysis) were merged. TheogtralitfQC) procedure was carried out on 10% $P-1.11 Epibenthic samplings undertaken during the Bo@se&roject One amtbrnsedroject Two
the still images; in addition, problematic issues/species identification where discussed between senigHrveysistandard 2 m scientific beam trawl (Lowestoft eessigtt) Gtknotlesn cod end liner _
ecologists experienced in this type of analysis. Both analysis and data QC checks were carried out Wasusecto collect information on epibenthic invertebrate species, as well as small demersal and juve

ecologists experienced in this type of aBalysies were identified and their abundance or percentage fish to supplement the data collected by grab (predominantly infaunal species focused) and L
cover quantified estimated using the Superabundant, Abundant, Common, Frequent, Occasional or Ra¥ampling. Dateoiin a total 407 trawls across the Hornsea Three benthic ecology study area were
(SACFOR) scale. This scale is based on thabyehisédCC (Connor and Hiscock, 1996) and uses available and have been drawn upon for the benthic subtidal characterisation of the Hornsea Three

the average species size to classify the population. Sample pictures of species recorded during the DE2.
analysis are presentdeiguire.4 (anappendix showitigital stills idtive of each sampling totati

2.5.1.12 The length of the tow was established at approximai@he 560@en minutes duration), although the
is available on request) 9 PP e ) 9

exact actual length of the tow was determined by ground conditions, with a tolerance of plus or minu
m being accepted. The trawl tow speed was approxikraitdy Aréposed trawl locations were
selectetb provide a representative sample of each of the previously identified broadscale sediment ty
identified from the geophysical data to characterise the epifaunal communities. As with benthic sam
trawl sites were informed by the outputs of lilgeig@iogurvey, to reduce the likelihood of damaging
anyreefhabitats. Full epibenthic beam trawl logs, including timings, trawl depths and locations &
available as an appendix on request

2.5.1.13 Once recovered to the deck, the catch was sortechoverds &nd all species from each trawl were
identified using appropriate keys. The entire catch was then enumerated and measinmgd on a specie
species basis. Colonial species were recorded as present and, for the most abundant species w
included the saforal Alcyonium digitattand the bryozoairdustra foliaceand Alcyonidium
diaphanunthe total weight of each species for the trawl recorded in grams.

3 Orsted
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2.6.2 Benthicinfaunal ana@pifaunabiotopemapping

2.6.2.1 To characterise the Hornsea Three benthic ecology studyefinea, iasectior?.], the data

collected during gite specifidornsea Three benthic surveys (i.e. the infaunal data3fgpabthe 2
There are currently no UK EnvironmentaB@umaldayds (EQSSs) for in situ sediments. In the absence sampleat the Hornsea Three array aregbgmdb samples alongunsea Three offshore cable
of any standards an initial assessment of whether organisms are at risk from concentrations of toxiworridgrseesectior?.4.3, were combined with all existing benthic data for the Hornsea Three benthic
contaminants can be undertaken by comparing dat&efilsGha&leline Action Levels for the ecology study area (Hernse&ZoC Hornsed@roject One amtbrnsedroject Two survegsd
digosal of dredged material and, where appropriate, with the Canadian Sediment Quality Guidelinegeated as a single dataset, to update the benthic subtidal biotope map for the bémthsza Three
(CSQQG). ecology studyeaDDV data were acquired dR@ibgsite specifaurvegat the Hornsea Three array

o _ _ il _ areaand Hornsea Three offshore cable cothdefore the epibenthic biotog draws on
TheCefasGuideline Action Levels for the disposal of dredged material are not statutory Contam'namquantitativBDV datasupported Inyialitative DDV data acquired during théo20déa Threste

standards for dredged material but are usedfaspeight of evidence approach to deaikiog specificsurvey Fivesite specific epibentlieam trawlwerealsotaken along thdornsea Three

on the disposal of dredged material to sea. Although these guidelines relate to the disposal of drecigeoqfshore cablcorridoand subsequently analysed, from which the data contributed to the epibenthic
material, their primary purpose is to ascertain whether contaminated sediments wadé result in adver biotope magshown in sectidrl.4

impacts on the marine environment. Sediments with contaminationGeVetddielovievel 1
(AL1) would be unlikely to be refused a sea disposal licence on the grounds of contaminatioR.6\Viageriads discussedparagrapB.4.2.4h e i nf aunal d a taagk bas bekerrincorporktedr k h a

Sediment chemistry analysis

with contamination levels aBefaesAction Level(AL2) are likely to be deemed unacceptable for sea into the main dataset for the Hornsed@ihiigie ecologiudy areaistussedbove. However, this
disposal. TheefasALs are also used as a screening trigger for the assessment of marine dredging data has not been includediltivarianalyses for therAsea Thrd®enthic ecologtudy area and
activities under the Water Framework Directive (s22:AMatt Framework Directive Assessment). therefar has not idictly informed the infauna biotopArapi@relysis hadeen undertaken on

) , . . Mar khamdés Tr i an g lIsite spedfitmfaunal data, goeesthbbsh howdtasets a | |
The CSQG were developed by the Canadian Council of Ministers of the Environment as broadly protectiye | mpare and ultimately d edatasesupporissthe wharactefisation t h e

tools to support the functioning of healthy aquatic ecosystems (CCME, 2001). They are based on fiebq theHornsea Threerayarea in the context of the assigned biotopes. This analysis has been reported
research programmes that have demonstrated asbetiaEmshemicals and biological effects by as a discrete section within the resuliarageaph.1.4.26t seq

establishing cause and effect relationships in particular organisms. The CSQG consist of Threshold Effect

Levels (TELs) and Probable Effect Levels (PELS): values below the TEL are within the mirliréa.8ffeTio assign biotopes to the benthic infauna (from grab sampling) and epibenthic (from DDV sampl
rangeavithin which adverse effects rarely occur; values above the PEL are within the probable effect ranggatasets the results of the combined PSA data were initially simplified, using a simplified F
within which adverse effects frequently occur; and values between the TEL and PEL fall within the possildassification, into one of four sediment categdfFigsifeEs according to published guidelines

effect range where adverse effects occasionally (Long, 2006). The approach used is consistent with those used during the UKSeaMap and MESH pr

(Lonfgp, 2006) and follows advice previously provided by the MaghesakgeRish (how MMO) on

Observed PAHs were al sio oownddmp(aEReLd) tvoaltulees ( e/vfhfegigFo e?ﬁé{@mgqfc?ot?hlereof}shore &i8d farm projects.
determined by the US National Oceanographic and Atmospheric Administiidtei RILO&A)

each contaminant represents the lower tenth peecdatdsetf on a continuum of concentrations in.6.2.4 These sediment/substrate classifications were then assigned as factors to both infaunal and epife
sedi ment, broadly reflecting sediment toxi cit yatabe®@rdousedas a basi2f@ thd statistical analyses (igdusepaasyses were conducted

on each simplified folk classificatidh§s&@). This also assisted in reducing the size of the dataset

in each analysis as many of the statistical tests outlined below couldoeotoeaddyonehe single
combined dataset due to its4bgsifes). The benthic infaunal dataset was square root transformed to
downweight the species with the highest abundances for multivariate community analysis using
PRIMER v6 software (CladkGorley, 2008).

The results of the sediment chemistry sampling undéttakese®&noject Ondélornsedroject
Twoand Hornsea Thyeecluding comparis@ainst relevant thresholds and guidelusdsgdra
presented within this Technical Regmdectiohl1.3.

14 Orst e 'ﬁfﬁii/f‘
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GRAVEL 2.6.2.5 The epifaunal data from the DDV analysis and the epifaunal data from the grab samples were coml
into a singlepifaunal dataset. The epibenthic beam trawl dataset was analysed separately (se
paragrapB.6.2.1jlfrom the DDV and grab epifaunal data, but the results were used to inform the fin
epibenthic biotope clxsstions (seearagrapR.6.2.18 Since the species abundances from DDV
footage.e.the epifauna dataset) were estiarateveraged for each statimg the SACFOR scale,

these abundances were convertetl to 6 scale, so that rare abundances scored 1, occasional scored
2, frequent scored 3, etc. The epifaunal species recorded in the grab samples were typically record
very low abundances and as such were classified as present and assibaledral@ooeimd 0.1

for the purposes of the multivariate analyses.

2.6.2.6 Newly settled juveniles of benthic species may at times dominate the macrofauna, but due to heavy n
postsettlement mortality, they should be considered an ephemeral compapasanthtiod of
prevailing bottom conditions (OSPAR Commission, 2004). Subsequent analysis was, theref
undertaken on epifaunal data that excluded juveniles.

2.6.2.7 The benthic infaunal and epifaunal datasets were each analysed separately, afitiwalgh the stati
analyses conducted on each dataset were identical. The next step in assigning benthic infaunal
epifaunal biotopes was to analyse the macroinvertebrate community structure to determine the rel
similarities between sites. Benthic infauepifandal community structure was investsgaged
CLUSTER analysis (hierarchical agglomerative dhusterPi§)MER 6 statistical analysis program
(Clarke and Gorley, 2003). This uses the Bray Curtis similarity coefficient to asse$sitee similarity
based on the faunal components. The procedure produces a dendrogram indicating the relations

71_9 11 9:1 SAND between sites based on the similarity matrix and uses a Similarity Profile (SIMPROF) test (at a
(SiIItVIaLIJ‘B Cla ) SAND'MUD ’ significance level) to test whether the ddfbemeaen the clusters are significant. For the infaunal
y RA'I:IO community cluster analy&is;lusters were identified for coarse seditienitsters for mixed
sediments and 34 clusters were identified for sand and muddy sand sediments. Foryhkis epifaunal an.
l__ __. Mixed sediment E-::_. Mud and sandy mud (DDV data and epifaunal component of gra_b @Gmp]g@rs were identified for coarse sediment,
——— P — 15for sand and muddy sand sedimer@oamdixed sediments.

L __1 Coarse sediment = Sand and muddy sand

h_l.l__

2.6.2.8 Similarity Percentages (SIMPER) analyses were subsequently undertaken anttheleniifgtaset
Figure25: Simplified Folk Sediment classifications (from Long, 2006). which species best explained the similarity within groups and the dissimilarity between groups iden
in the cluster analysis. The similarity matrix was also used to praliimemsionaltscaling (MDS)
ordination plot which showsa dwo othreedimensionakpresentation, the relatedness of the
communities (at each site) to one another. Full methods for the application of both the hierarcl
clustering and the MDS analysis are given in Clarke and Warwick (2001).

5 Orsted
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2.6.2.9 The results dhe cluster analyses and associated SIMPER were reviewed alongside ti#e6rad2 The data were then standardised by total abundance per sample across all variables (species). This

2.6.2.10

2.6.2.11

untransformed data to assign preliminary biotopeet{@hr2tif}4). Using the clusters identified, necessary to ensure that the samples were comparable as it was not possible to ensure the sam
severalsites within &lusterwere assigned to a single biotope basedatedness and effort was cosgnt across all samples. Prior to generating a Bray Curtis similarity matrix, the data we
presence/absence of key indicator species for a particular biotope. The preliminary biotopes were plottémurth root transformed, to down weight the contributions of quantitatively domigamvespecies (
using GIS and the biotopes assigned to each site then reviewed while referring to the geophysical datg000 individuals of certain species such as commsanQphitghrix fragiland to allow the

collected for the Hornsea Tlemthilb ecology study area. Biotope codes were also reviewed according  assessment of similarity to incorporate less abundanedpecesii species assembly rather than

to those biotopes surrounding each sampling location and where necessary biotopes at certain sites wehe key dominating species). The matrix was used to conduct a cluster analysis using the SIMPROF
reassigned. Following this review, biotopeglattiedréo produce biotopesmap to st whether the dissimilarities between groups were significant. As with the infaunal (grab) :

o ) ) . ) epifaunal (DDV) datasets, a SIMPER analysis was conducted to identify which species best explaine
The benthic infaunal and epifaunal biotope extents and boundaries were mapped using the outputs of tQﬁ“nilarity within and dissimilarity between theTheougsults of these analyses were also used to
geophysical surveys for the Hornsea Hbnesedroject One arktbrnsedroject Two benthic

ecology study areas.$eabed topography and sedityyees identified by multibeam bathymetry and

side scan sonaeeFigure2.6). Where two biotopes were present on the same sediment type, wiltoRi13 Following assignment of biotope codes to benthic grab, DDV and epibenthic trawl sample sites
a clear boundary from the aforementioned data sources, either a mosaie boviope ovdsuffer associated mapping (using the methods outiaeghatagrapB.6.2.1p, the infaunal and epifaunal

zones were created between sites to create boundaries between the biotopes. It is therefore importantdatasets were combined to produce a final, holistic biotopeHpapse&thardenthic ecology

recognise that there is a degree of interpolation between sampling point data and the resulting biotopstudy area. This was achieved by identifying ttexisharsmmecies in each of the draft biotopes and,
mappedNote thatigure.6 shows data from different survey contractors, therefore the interpretation of where (infaunal/epifaunal) datasets overlap, these characteristic species were compared to ide

assign preliminary biotopes to each of the epibenthic trawls.

sediment types is slightierenbetweenatasets. Whilee different @eets are not exactly aligned, possible overlap between the communities. Where possible, the datasets were consolidated into
the combined geopbgtsdataset (together with benthic sampling data) is considered suitable for  biotop code or a biotope mosaic which appropriately describes the infaunal and epifaunal commun
mapping of biotopes. present at each site, while also taking into account other environmeetgl.depidhlssdiment

) , ) , ) , , , . _lype etc.). These biotope mosaics were usuallyrim ¢ieai infaunal biotope with an overlaying
Epibenthic trawl data were also analysed using hierarchical agglomerative clustering to identify S'm'lar't'gﬁifaunal biotope

and dissimilarities between trawl sites. &radyscs, the data, which was a matrix of discrete counts

and weights of encrusting/colonial species was modified such that those species recorded 28.2dightss the most standardised dataset with the most quantitative data, the grab data was the starting poi
were classified as present and given a nominal score of 0.1 for the purposes ofatiditimalyses. In this process,d€.grab data was prioritised and DDV/trawl data used toeiceihtily differences

the fish species recorded during the epibenthic trawls were removed fraas theamtesemed between the epifaunal communities). Where two distinct epibenthic biotopes overlap a single infe
that these species were present in such high numbers that they would dominate the dataset and obscus®tope, this difference in the epifaunal communities was appropriately represented in the final bic
the patterns in the benthic epifaisnanpbrtant to note however, that the results of the cluster analysis code and resultant biotoge.m

were not reviewed in isolation when assigning the final biotope codes, the biomass data associated with ) _ ) - o
the encrusting/colonial spemieihe complete raw dataset, including s swesent were taken 2.6.2.15 The biotope coding has used the Marine Habitat Classification for Britain anddtela@0@Zpnnor

into account. These biotope classifications are directly comparable to those described by the EUNIS classifica
which has been used to describe sdmeadetktop dawd.the Humber REC data). To ensure the
historical and characterisation biotopes can be compared, both codes are presented in the bio
summary tablegaplet.2, Tabled.3andTablet.4) withirsectiort.1.4
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Nearshore biotope mapping 2.6.3.2 Comparisons waleo made between numbers of species (S), total abundance (N) and biomass (B) f
2.6.2.16 Biotope mapping in the nearshore part of the Hornsea Three offshore cable corridor was completed usiﬂbe maln faunal groups. For the benthlc infaunal dataset these wgre d|V|d§d |r.1to Annelida, Crustz
a combination of desktop information and Hornsea-3peediciseirvey data to ensuresicoli Ecr.nnodermata,. MoIIu‘sca and others (mcludgs all other faungl guugstge Cnidaria, 'Bryozoa)
characterisation of the entire nearshore area. As outlined above, Hornsea Three data (including DDWhIIe for the epibenthic tra\{vl dgtaset th? main faunal groups'weret Crystacea, Eghmodgrmata, Moll
benthic grab and geophysical datasets) were analysed and used to identify and map biotopes across tﬁésces and ot'h‘ers (e.0. Cn'dér"’fl’ Annelida and.Bryozoa.). This unlvanatg analysis provides further
project area, including the nearshore partofrtsea Three offshore cable corridor. As detailed in on the comptisn of the benthic infaunal and epifaunal biotopes present in the Hornsea Three bentt
sectior2.3above, a number of desktop data sources from the nearshore area were reviewed to informeCOIOgy study area.
the nearshore benthi.c ecology charactgrisation. This includediofortmatbheringham Shoal and 26.4 Annex habitatreefassessment
Dudgeon offshore wind farm cable corridors, data from the Cromer Shoal Chalk Beds MCZ and the Wash
and North Norfolk Coast SAC, as well as data from Marine Recorder. These sources were reki@ied afdh Annex | habitat assessment was undertaken on any sampling locationshidgeeipaeadtial
where grab sample dateevemalysed to describe sediments and infaunal community composition, ~9eogenic rébabitats were identifiethin the Hornsea Three aresand Hornsea Three offshore
including categorisation of communities into biotopes, these biotope classifications were used to inforgable corrid@eeFigure3.5). These habitats were identified firstly from the geophysical data and then
the nearshore baseline characterisation. Data points from these desktepn@moets wsing GIS from other data sources inclwitieg recordmndseabed stiliglata available on requesnsS.
software and the Hornsea Three biotope mapping was extended to cover the entire nearshore aregPinuloseeef assessment was reqairiesites gites ECR02, ECR04, 26_CPT_ECR, ECR37 and
merging adjacent sampling points of the same biotope classification to extend over a wider areaECR38Figured.5)and a stony reef assessment was perforreeditsfi(ECR24, ECR35, ECR36,
Boundaries between biotopes were drayatisymetry and other geophysical datagpeciite ECR38 and ECR3#f)ring the Hornsea Three offshore cable 206fifdand 201sfte specific
data and desktop sources) and broadscale habitat mapping from the aforementioned data sources (e /rvey. The reef assessnsaatt tresesites was undertaken with reference to the relevant guidance
Defra2015 within the Cromer Shoal Chalk Beds MCZ). with details of the assessoréntia outlined below.
2.6.2.17 The results of these desktop data sancteting descriptions of the biotopes identified, are presented ~ Sabellaria spinulosa reefs
in paragraph1.3.2t seqDetailed description of the Hornsea Thspedcifie data, including data 2.6.4.2 WhereS. spinulosaas observed in the DDV foofsigeHornsea Thréenthic ecology study area
analysis and biotope mapping is presented i deetitna holistic discussion of the nearshore areefiness assessmevith referencerédevant guidance documeetdenkinst al, 2015Gubbay
desktop and s&pecific datasets, presented in pardgtaigi3et seq 2007; Limpeneyal, 2010), was undertataetermine whether or nuotentiab. spinulosaeef
. " . was present. To ensure that the assessment was transparent i coegused elevation,
2.6.3  Univariate statistical analysis patchinessas outlined Trable2.2. The scoring system proposed by Gubbay(8087) t he oOr eef
2.6.3.1 As well as utilising the raw speciesodettaracterise the benthic communities present within the matrix describedJenkingt al, 2015vas used to drawgetheall the information to interpret the

Hornsea Three benthic ecology study area, a number of indices were also calculated. These included:r e e f B.speslasaggraegdtion3 4ble2.3). Workshogdiscussions have suggested that a reef
Margal efds I ndex of Ri chnes s-WiemrnDjverdiyeredl ¢ H®9 ; E v shouldebs slevated dbeve thé Seé flopr by dtreadstSh aa mreaooh at leastt2hd have a

and Simpsonbs index of Domi nance (|l ambda) ( Clpatchiness ad nodlessMhan 0% (KGubbag, ®@07).) The FRAnaroeters isurathefstdidre ar e u
reducing large faunal datasets to a single figure, which may be used in comparison to other sites imeasured, where possible, using theilergadghysical) and fine scale (DDV and grab) survey data
assessing community structure. These indicadcwiated for each biotopdow for comparisons collated during the surveys.

to be made between the biotopes identified. This was done by calculating the diversity indices for each

site, then calculating the mean (+ standard deviation) for each biotope. The epibsvehec trawl data

standardised by total abundance per sample across all variables (species) prior to calculating the

univariate indices. Since Margalefés I ndex of Richness (d) is dependent on the total numb
(which was standardised) this index wadcalatted for the epibenthic trawl dataset. As discussed

previously paragrapB.6.2.11weights of colonial/encrusting species were assigned a hominal score

for the purposes of the analyses.
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Table22: Summary of the analysis and scorin§.spinulosareef characteristicéhased orGubbay, 20).
Characteristid Analysis of characteristics
A rough estimate of the height of the reef from the videoghotageaphic stiélad placement within the
Elevation following size categories of >10 cnq Brtp 2 to 5 cm and <2 cm hilghwas averaged the total surveyeg
area, odiscrete feature, where possible.
Estimated from the video footage as a continuous video if conditions allow, or as a seriesrof camer|
photographic stdlong a transect. Where the latter techiasgueployegatchiness determined on a site I
Patchiness | Pasis from the following calculation:
Total percentageSofspinuloseover over the whole site100
Total areawsveyed
Table2.3: S. spinulosareef assessment matfixased orGubbay, 200andJenkinset al, 201h
Elevation (cm)
e ef i matriz s 0 <2 2to5 5to0 10 >10
Not a reef Low Medium High
<10 Not a reef NOT A REEF| NOT A REEF| NOT A REEF | NOT A REEF
Patchiness 10 to 20 Low NOT A REEF| LOW LOW LOW
(%cover) 20 to 30 Medium NOT A REEF| LOW MEDIUM MEDIUM
>30 High NOT A REEF| LOW MEDIUM _
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Stonyreefs

2.6.4.3 Wherecoarse stony substrate elzerved in the YDEbotage of the Hornsea Three benthic ecology
study area,stony reefssessmeaccordintpthe appropriate guidance (I120§was undertaken

to determiniéa potentiatonyreef was presemheassessmemgbmprisedfa measure of elevation

ard patchiness, and extent where poasiblatlined ifable2.4. The scoring system proposed by
Gubbay (2007) and t he Oetal 015 was sseddo draw tbgethexalld e s
the information to inteérpret h e  Ostorydehturgbable? $) M headnclusion of veng (2009
guidancevasthata reef should be elevated dftatgea flor, have an area of at leag2hd have
acompositiaof no less than 18&veage of the seabgiving, 2009The parameters summarised in
Table2.5were measured, where possible, using the broad (i.e. geophysical) and fine scale (DDV) sur

data collated during the surveys.

19

Table24: Summanpf the analysis and scoring of stoagf characteristiodbased orrving, 2009)
Characteristig Analysis of characteristics
A rough estimate of the height of the reef from the videoghotageaplstlls and placement within the
Elevation following size categoridlabteabed64 r,<64 rmto 5 m and >B highThis was averaged the total
surveyed area,discrete feature, where possible.
Estimated from the video footage as a osntideo if conditions allow, or as a series of camara drops
photographic stdleng a transect. Where the latter techasgneployegatchiness determined on a site K
Composition basis from the following calculation:
Total percentage of stamyer over the whole site100
Total area surveyed
Extent An area of 2% or greater is considered the minimum extent a reef should cover.
Table25:  Stony reef assessmenatrix(based orrving, 2009 and Jenkiesal, 201k
Elevation (cm)
O0Reefi nessd mat| Flatseabed <64 mm 64 mmb m >5m
Not a reef Low Medium High
<1®o Not a reef NOT A REER NOT A REEF | NOT A REEF NOT A REEF
Composition 10 to40% matrsupported Low NOT A REER LOW LOW LOW
(% cover) | 40 to 95% Medium | NOT A REER LOW MEDIUM MEDIUM
>95% clast supported High NOT A REER LOW MEDIUM -
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Subtidal benthic ecology

3.1.2.3 The SeaZwe HydroSpatial data indicated a broadly homogeneous area of sand in the westernmost |
of theformeHornsea Zone grading into slightly gravelly sand and gravelly sand in the southern ar
northeastern partdHofrnsea Project Two array, eespectivelFigure3.1). The eastern area of the
formemornsea Zone, includimgHornsea Three array amgenerally comprised coarser sandy

There has been a long history of broadscale benthic studies in the southern Noxtbl&pa benthic e sediment compared to the western half, with extensive areas of gravedndagdazel. Small

study area, and the relationships between sea temperature, primary productivity, hydrographic ansections of slightly gravelly sand were also present in the easterfoenditdbriteea Zone.

sediment conditions with benthic faunal communities are well understood. Broadscale predictive mappiBgstribution of muddy sand was limited to two relatively small areas; a narrow section along the nor

As discussedsactior2.], two study areas weedned the southern North Sea benthic ecology study
area and the Hornsea Three benthic ecology sthayuesied) (

of seabed habitats undertaken BiffeaMap 26 project also covers the southern North Sea benthic margin dheHornsea Threeray areand a central ribbon in the very eastern péotioitHernsea
ecology study area; this dataset draws on a variety of benthic and water column environmental datase®ne including the Hornsea Three arrayretteadeeper water, immediately to the noftiiroéthe
including sediment types, depth, turbidity and tidal current flow to classify and nmegatheddominant Hornsea Zone, was an area of sediment dominated by muddy sarsbrinactarge swathe of
and water column featueistingdesktomlata for the Hornsea Three benthic ecology study area is sediment in the west was dominated by much coarser sedgnavets (and sandy gravels),
generallyimited to the Humber REC and HADA MAREA data and bidbgie stapses are particularly towards the westernmost and landward extents of the southkemtNicrécSegy
available for the Natura 2000 sites present withithéne Blorth Sea benthic ecology study area; study area

while theeoutline broad habitat types the detail on the biotopes presentimsitshEuslithe data 3194  Simil " ¢ ident in the broad le habitat _ data (JNCC
cover relatively discrete locations compared to the Humber REC and HADA MAREA biotope maps. imitar pg ermns of stuate were e_V' ent in the ) road scale habita _Il!?lp ata ( T
20%). This data drew on a variety of benthic and water column environmental datasets, includ

Southen North Sehenthicecologystudyarea sediment types, depth, turbidity and tidal current flow to classify andaatpsteheédrand water

column features. As shovifigare3.2 this data indicates that the wider southern North Sea benthic
Intertidal benthic ecology ecology study area to the wélse dbrmer Hornsea Zanejustto thewest of Horns@aree array
The chalk and flint shores of north Norfolk represent one of the few coastal outcrops of bedrock in eastétfgacomprised predominantly circalittoral fine sand or circalittoral muddy sand. The south eastern
England and are considered a rare habitat in northwest Europe (CoveysH@@8)alShalkcur northern parts tle Hornsea Three array ameda swathe west of tHernsed hreearray area
at Flamborough Head in Yorkshire and on the Thanet coast in Kent, though the reef at North Norfolk §hibited coarser sediments, consisiirgldforal or infralittoral coarse sediment. The greater part of
thought to be the longest, with a length of approxkna@pra§ and Watson, 2011). the western southern Northb8athic ecology study avaa shown to mainly comprise infralittoral

coarse sediment, reflecting the sediment distributions in the SeaZone HydroSpatial dat
The coast between Hunstanton and Weyhdwanty Norfolk, includes sand dunes, mobile shingle
beaches, spits, intertidal mud and saltmarsh habitats (DTI, 2002), while the coastline immedidtdiy @ast 0t habitats along H@mnsea Three offshore aairigdor wetgroadly determined to be similar to
Weybourne comprises unstable, eroding cliffs of glacial till over a chalk base (V#a6®ick Energy, those within tliermer Hornsea Zofi@eEUSeaMap data indicated that circalittoral/infralittoral fine
While areas of exposed chalk are present in the subtidal zone between Cley and Overstrand (Spray af@nds anmfralittoraiircalittorabarseediments dominated much éfdhesea Three offshore cable
Watson, 2011a and 2011b; Watson, 2012), the only areas of chalk bedrock within the intertidal zone ag@rmdorTheEUSeaMap dateicatedraarea of bedrock, primarily moderate energy infralittoral rock

present between Sheringham and West Ruh®fiorim of isolated stretches which extend into the with small regions of high energy infralittoral rock and moderate energy civeasitearialerack,
subtidal zone. These intertidal chalk features represent the only areas of natural rocky substrate aboVéthin the Hornsea Three offshore cable gastidifshoréhe North Norfolkoastline This
the Mean Low Water Spring (MLWS) in the region (Covey, 1998). characterisaticmoadlycorresponded with subtidal chalk beds whictuahéyinbabitat fothe

Cromer Shoal Chalk Beds MCpasagrap.1.3.52
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Figure3.1: Hornsea Three subtidal benthic survey locations and SeaZone HydroSpatial sediment data for the southern North Segytstathicaeea.
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Figure3.22 Hornsea Three subtidal benthic survey locations and EUSeaMppré&iidted EUNIS habitats for the southern North Sea benthic ecology study area.
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